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Abstract of JP1 1233449 
PROBLEM TO BE SOLVED: To improve 
uniformity in the film thickness of a 
semiconductor layer and reduce the time 
required for manufacturing, in manufacturing a 
semiconductor substrate having a 
semiconductor layer electrically insulated from 
a base substrate provided on the base 
substrate. SOLUTION: A SOI substrate 8 is 
completed by carrying out (a) a first ion 
implantation step of implanting fluorine ions 
into a single crystal silicon substrate 1 having u) 
a contamination protective film 2 formed 
thereon and thus forming a crystal defect 
region 3, (b) a second ion implantation step of 
implanting hydrogen ions into the single crystal w 
silicon substrate 1 and thus forming a peel-off 
element distribution layer 4 in the crystal 
defect region 3, (c) and (d) a bonding step of 
carrying out hydrophilic treatment on the c «> 
surfaces of the single crystal silicon substrate 
1 and a base substrate 5 and then bonding the 
substrates 1 and 5 on the hydrophilic-treated 
surfaces, (e) a peel-off step of peeling off the 
single crystal silicon substrate 1 at the part of 
the peel-off element distribution layer 4 by heat 
treatment and thus forming a single crystal 
silicon thin film 7, and (f) a planarization step 
of improving the surface roughness of the 
peel-off surface of the single crystal silicon thin 
film 7. 
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y 3 1 £7 y *<f d-V^rttA LT»AAte«« 3 

frXMtf 5SSl«M , *i'ttAIg, (b) a 

a, (c) (d) msA^v 3^s«ntK-^ss 
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*'ft:*a ; sffi-efts»)-&fc-*sft6!)-g-fc'*xs > (e) fya 
ate i ») 3 i irmmm^m^m 4 a 

(f) ¥«*'>y3>»K7©«(iffioii««*fii 
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m*mi] (5) ±t^, 

(5) im^w^s&gufc^ji^T^ffl©^^ 

(7) *rKrfCja6**«:S« (8 N 16) ©©&#£ 

tte¥$#B (7) *#j*-rsfc*©iNM*a«*ra 

(3. 12) Sr^i-SlBiro^^vftAXjBt, 

r©m i ©-r*vttAia©*fr«*L< ttjiffttifc, 

tte¥3M«E«*m (l) ©*B5*»e>JBl©'f*vftA 
Afi&«« (3, 12) &*JKJlx*#*>J| (4) *Jgj* 

•rs®2cD^^yaAist. 

mllS^-^Sffi (5) &MB¥*ftStK*ff (D tSr 
«^«:ff5rtfcJ:o-ciWBSN»«:«RIW (1) Sr 

mii2i!iBiffi5c^^*® (4) u&-vmmLxwm¥m» 

Mi (7) i»j«-f*iIIHet«:llfTi-Srt*i»«i: 
i-3¥»#S«©»>7 2fco 

JCCTi|*»#«g«» (1) «fi6»feWmBft-f*>« 
•fZ^kZVrmk-tZ I8#JS 1 IB®©¥'3l#»g 
©8?i£#&, 

IsS*3S4) -<-*g« (5) ±fc, £&^-*S« 
(5) i*ftftfc|{*Lfctt«r*^j^©¥»fMB 
(7) *RttTJifcaJMW|eaS« (8) ©JBt*ifeKi8V^ 

(1) ©^Ba><bfiffi#itt£i&*£w^v&&A-t-5 

(3) *Mt?.^*yftAiit, 
;L©-f*yaAlS©3lfiigl;^ Mitt-fji-vttAiS-o 

t, Me^ftsstra (1) ic«u««>fnm*^ 

5c^Sri(HEig^fi&^« (3) t>\mv 

xtm& (3) f tiaiaiffljc^^ji (17) sr^-r 

SWE^-^SR (5) £ifflC¥iV#£K*m (1) b* 
as 9 -S-fr-frSaS 9 £to-ttl}§ t . 
«*fflSrff5rtCJ:oT8IJflBiM>«:S«tm ( l ) £ 
ffltBMMUB5c«£«JB (17) S6»T'tiJSILTMIB^S 
#JB (7) «r*j*1"5»lIixai:SrSlfT-*-SCi«r«« 



(i) fe*H-SIMn* % 3K¥3|fl:£St*m (l) © 
f&JBI3i*£5lt jgri"fc«>©5ciii;BL< ^©xiifwfb 

(1) l^-TSf^air, SK¥iV#£ISir¥f (1) © 
fIBIS*?: 51 1 S r i"fc *©5c*^ L < ©5c^©^ 
-^^^7 X-^ft LTtSfflSC^T?^ oZb Ztemt-tZ 

L 6 ©<5r^*Mcll2m©^^#:S«©l«jt*ffio 
[fit*«8] (5) ±IC. Stt-<-^»tS 

(5) t osmium LitKmr-m+Mim <o*mm 

(7) SrRUT*5iMH*c«E (8) <B«iS#iSfc*iV* 
fi&lB^SfMI (7) &J&£i-*fc»©¥3«fcg«$m 

(i) ©^ffii^fifiistfcKw^tv^^^s-aAi-a 

(3) Sr«f5-Yd-yttAIgt, 

«HBiNi*»tR*m (i) ticfrmtr^/isyTx^m 
#■(18) *amrsj&miMb* 
zvi&mz.nzmtzffim^mftmmn® d) tc^u 
^RiNiHM&Ktts- (i) •esd«a«^c*ia«j:») 

ffi^?ag©^MSSrJg1-r i:l-J;t>, Wl&&mitT**> 
7r^¥ilM (18) *4>&ttfltf 
APfe$i*£ (3) 34^31M*a*te«* (3) 

•PKMItflJTGlK^MIiJB (17) ZBtftfrZimxmb. 
Mte^-^SR (5) tflJE^frSt&fcTO (l) t«r 
HA 9 5 as 9 X®. b , 
*^*?T3*:£fcJ:oT^¥»fl:£«*m (l) Sr 
ffilBf)Jliffl7c*^«A (17) ^^-Cf"JBtL.rH5IB¥^ 
#Jf (7) «r^ri6t-5»«ISt4r36fTi-5ri:Sr«ftt 

ift7^7r^¥i#I (18) &mym<fo£:TM 

*mn-fz>- b &&®b-tzmjkm8mmcD¥mfr&m 
©Wig^s. 

IMflO] (5) ±|C. 3tt"«-*« 

« (5) taftWKJfeRLfctttt-eSHF*^©*** 

a (7) *Rrt-cjfc$imwra« (8' ) ©softie 

b9IE¥^® (7) *^i-5fc*©^«sS«#^ 
(1) ©^E^t-fift^tt^AtV^^-^^aAi-S 

(3) Sr^tS-ftyiiAiet, 
gdlS^-^SS (5) ilCTK^r^e/w^T^^S^ 

(19) $rfi£K1- SfiSMXSt, 
BdfB-<-^®K (5) ©^^tr^/^r^^iM 
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d9) m<Dm t m&$m#m&im < 1 ) t z& o & 
roii>)-g-fe*is^SfcSfrfE-<-^s« (5) m 

**S4R«» (l) ©-«a»fc#U S&¥3lttSlg*f 
(19) «f*»f>lt«i-Szk*Srl(nEiBA^BBfi«jE (3) 

warn d7) *»*-r*a:«xai. 

MBMIMtic*ft*JI (17) L-CSWE** 
(7) «r»i*i-S*«iai:*3WftSCi*W» 
irr5¥g&®K©$5£:fcf&„ 

©*3l#S;fc©S!(i&*7)£. 
[i8#Jf 1 2] (5) ±»C, 

« (5) t«ftttlC»»Lfc««-CSl^?*J««©#»fl: 
JB (7) «rKlfC*S**flc«tR (8) ©«ii*«6K*J 

MCWUM (7) fc^+S &*©¥»#««#» 

(i) e*sa>&. **xtfaaastt«fl5**v«ftA 

IWjM3»J:9jftSlttMdlMHE (2 0) MWci© 
(2 0) * K&gL;fc*3i£9/££S<JgOT 
tc*»*S (2 1) 

fJlE^-^SS (5) &ffi£¥*ft&K*m (1) tZ 

^a^tTpcticioTSfiiE^^ssw^f (i) 
mismmiiXtomm (21) Lr*ME^* 

[m*ai3i i«E«i9*t>*iao*fTi(nc*j^ 
snfcKioaa^-vflBi (11) 

« (5) syfifri (7) WfcKfiEaii^^-vfliji 

(11) *Rr*fiC£*mR£-t-sa*«lft^Ll 2 

[19*3114] saEftSD-e-^xaeonfTW^fcv 
r, «iE-^-^sa (5) o^siiKcapx^si^fT? r 
ticttjaii^-vfflji (id srjgfig-rs^^-v 

rro^icsaiBfdSxa^pcti-j;*). bme^-^s 

« (5) .RU^tt/l (7) P^HiJfHffl&^-^ig 
(11) *»ttart*1*«if ■5tt*3Kl4.fLl 2 



[o o o 1 1 

[0 0 0 2] 

fimt LT, »B8¥5-2 1 1 1 2 8#&tt>f>K:e*£ 
[0 0 0 3] W*>, i©§gi£#&tt, JBl»Bi:LT» 

ftjc, m2®pgi:tT, ±»iittft^y=iv«Ro-/* 
•are. sfet, m3mmtLx. ±e*tt*^y =>ys 

-^sa±tift»«&^ur*sfii'y = v*a*t«» 

$*T<fctt{g©SO I £IE#«Jft£*iS. 
[0004] 

Li 5 ti-SHUH] ±E©J:5fcSi&#lfc 

ret. WM^y =>»Rfr»«wias:3itar.-f© 

1 X 1 0 1 6 ~1 X 1 0 1 7 atoms / 

cm z m&) . "©&*, •£©-f;t->aAxa-e©*/i'— 

-fy htfJgflSLT, SO lSS©®itlcS^fia3Sr^-r5 

[0 0 0 5] r.Jifc»LT\ S««IKl«4r^3>>A. 
**2IW *y&A&« (^P : 5 X 1 0 1 5 atom 
s /cm 2 , tK^ : 1. 5 X 1 0 1 6 atoms /cm 2 ) ICJ; 

^a^#^pf»»^stsi^a* (1997 . 1 o/*b 

*m ©B2^H. 8 1 8M. 3p-PB-2M) . 
L*>Uft*J5>, -©KW^rSOlSffiJlDUCJg^Lfci: 

tifi«T#*v\ lot, ^V>J>.-7km2m^^y& 

[0 0 0 6] -«!«lc@ft:4'(caA$*tfc'f*v 
©^tt, ¥*WittAHi£fc#LTfeSaft©!£as»> 
Sr«for^*i-S. -©aA«H$©l£dS9l4Sas«ai{E 
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Ztf. SEA***** < &5 1 aA5E*©2SWItt*$M6ft 
#£<43fc©«S;frlft©j£A* 9 

5. 

[0007] #3BWtt±8E©J: 5'&HB£«r#8fc1-5fc 
fcKfc^tifc *>©•?& 9. ^©Biftii. StSfiJ«X^r- 
/B^5-1';*->&Afl:©<£»gL.< rtttAia©M*SrH 

[0 0 0 8] 

[8UiI&ft?ft-f3fc©©#g] »#«lfce*Ufc¥* 
«®K©§Bg*ifeK: iiitf, $ l ©-f at-^aAiafc*? 
k^T. (i) 0SjBa>e>2***JttH&*: 

R6«« (3. 12) r«)*io-f*^aEA 

AIStefcVT. MMB¥*fmEm4 (l) ©*B*>6> 
%\<r>4 tf^&AXatli&ftS^vas^SixT, 
ffiCt&A&ttff* (3, 12) 4>e±E¥4MMHEtm 

(l) o«Bm**3l#fii-rfcft»««ffl5c*»*JB 

(4) dSjg^^tiS. 

[0 0 0 9] ii!J-g-fc>*XStc*JVT, flfjffi^ 

-^ss (5) tm&*m#mmt& (D t#i69£ 
fc^tifcmtc:. Mitxsici^?fl*Mitfit$ji&. r 

o±5<tia«ili:m\ (l) icts^X 

mmmm%m^m u) »#-e£t;fc«/MM&©E 
*±#kj:9» mmmmnn^m (4) 

fc lfcMB#£1'&. ;:©»*» (5) ±fc 

Smg«ffl«J**#JB (7) SrSBKtM-etSwt 

[ooio] r©j;5ft$!Bg#ffic<fc;h,li, fBi©^* 
>aAig-?ti, ^B a B ^Pi&^ i 2) it, tttfctt 
*t^fiS©^*>-©£AKJ:9&$£<j&£$;h,.5r 

fcfcfcoT, *©K-Xftfc#<-*-aiH5#*<**. 
*fc. »20W^-^ftAXSIC*iV^T» ±£tt££tt£ 
« (3, 1 2) *Km©-f*V&AXg£tt&fc5'f 
*V«rttAL-C»ll»ffl5E*»*JB (4) ft»J*Ufc«* 
fctt, 3i*Y*VfcJ:9f«*fflw*#*Jl©*&«J*L 

fc^-i^Jt^r. ¥*f*£K*m (i) KMt$£&9i 

[0011] ;©fcft, ®i©^tySAiSRy^2 
©-f *>SEAIgSrtr 5 

Alg-C© K-Xfi£. llHlo^^&Ai-J^iiJBiJB 



-CO^/u-y^ hi!|q|±Lt, ^ft:StE (8, 16) 

(3, 12) >mffc^e>M*ffijic*£:fliJi (4) £)£j& 
■**J:$fcUfcil£fcHu «©Mttffi7c*^JI (4) 
©2g£&g©lf ?>o# (H$Jfitt± 3 o ©$SH) 1 
@©-f tfvfiEAfcJ: 9 MKffl5E*##Je*&J*-*-SS6- 
{ctt^r 1/3 @«(c/Jn$ < ft 5 r t *i||««jfc^*>o 

TVS. r.©fc*. BlXO t m2©^^ftAXg4rr 

©W{cff5i5t-rntf^ *j«tffl7c^^® (4) (Dm 
mw#j*>mAmic>#mfrmm® m ©#n 

y h&K2c£-f£<fc5tcftoT. *N&#Jg (7) ©Kff 

[0012] 4 IcCtt tfc^^(*:S«©|!{5t*)* 

&J:*U& ^*vaAIg{c*il>T, ¥3#£«$m 

(1) ^B*&ttjMfctktt*&i>W*:<'#&A$*t 
TBf«*£*Hfc£aLfc*S**fi&«* (3) 

(l) lc#L*©*«i^**£C5aUU9«vMftS© 

W$. (3) ticBOa**,, 3tt«S££Kft* (3) 4» 
£ttBLfctttt©*MM]7GS#*B (1 7) tfj&fcSH 

[0 0 13] #ci^T\ aS9-&t>*IS»C*3t^T, irtB^ 
(5) £M1B¥*(MSStm (1) i«»BS»)* 

©i5<£i»IK:f|!V\ (1) iC&^T 

wmMmm7cm&mn (17) »»-e£tfc*/Mw&© 
bea±juzj:9» mmmmjtm&iam (17) 

«E#tLfc*l*^-f5. C©*£*. (5) 
Jt(C55?*^j£ffl ©¥*}*§ (7) $r*MM*fc»j*"C*a 

[0014] ^©J; p &Wt*t&lcJ:Jtlf, -f^SA 
XS-ett, «fFA^R6ff* (3) tfc*tt*#v>»ft© 
-<^©aAlJ:j;9Sb^ft<^$H5r tl:4ot, 
-t©K-XftSr#<1-5iC5.||^«</i5. ^©-T^V-a 

* (3) ft«i6>P)f9«fll7c^*S (1 7) asjgjftg 

[0 0 15] H««8K:B«Lfc¥*f|cX«©fGft#tt 

(1) ©^BS5&»e>Sfiisjt«iw*t^'r*v!&5ttA$ix 

■rgf«»*«HK»*Lfc»*^»«* (3) :SS^$ 
nst*tc, MixaKidsv^ iNifMHSNW (1) 
±l-7k^bT^7T^^<*K (18) tfffl&Zii 
5. *ur. r©m©feftiSfc*iv^-c. 65g5¥«ft:S 
(1) lc»L^-©*iJ«l^**5^C5ia«J:9te^ 
mS©^«i3S*siS$tt5©^CT. ±SB*^{tT^ 
7 7 ^^j§fls;K (18) ^^P>i£»-r5*^*siirlBi|gS 
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(3) *K9^&$ftT£M£A£feft!tt 
(3) +£4fcBL&t*«©»JBffi5c*£ttJB (17) a? 

[0 0 16] ASt)-a-fc>*X^ICl«^-C, WSE^ 

-^ss (5) £mB¥**£tt$m (D 

oJ:9&MM»c#t\ *W#S«*m (l) lc*5^T 
MnEMJtft7c*£ftJB (17) A&-?±Cfc*'hA&© 
EEA±#fciD, SRSHJ8tffl7c^*S (17) 

ss#t Lfc8d«*s^i*a. -<-^s« (5) 

±fc**#jdU8©2|yw«s (7) t*miti3*jft-?*3 

[0017] ^o>&?ti:$mi}mz.£^xi i . 
Axs-cii. (3) -a\ jtim**v>aft 

SWfete«i:4***ftT j e^7r^ i NW*:R (18) © 

(3) ic*9atflttkia*«tTbix<&«rt. o£9&.§3 
*|S6W£ (3) iplzftfr&MffBTcMMMiiJI (17) A 5 

[ooi8] is**i oicBiibfc^friseoaia* 

(i) w*E*»P>lttSE«jfifi©*:f W^vasftASft 
T0r^S*5Hfc£*Lfc*SB*tt«* (3) asjgrt* 

jaRxse*sv*T. -<-^&fi (5) jtt 
*^kT^7 7 ^^«c^ (i9) ff/*K£*t«. r 
©SL l£9-g-*>*lSlc*jv^, HfJia^-^&t&t (5) 

(om^mtr^^yr^Mwm, (i 9) mmmtm 
tefciSKfc^-c, mtz^-x&m (5) &u^#s 

Sttt* (i) ®-MtMLi©«MlSira (1) 
9) *»bilStf S;^tfttGRft*HMIK (3) «tnc 

»9ii**w mw&&x.fbmm (3) * tttfiDtWB 

©fiJ88Jn5cSl#;»n)g (1 7) ^»)*41i6J:5fc**. 
[0019] ftv^-e, fiJffixm^v^r^ffl^is^H 
3©lc#v\ ¥g#St£*m (1) iCttWCttEMMI 
SJlMMBfi (17) »#-C£Cfc*/MWa©JE&-WMc 
J: 9, SttiflttffldGft&ttJI (1 7).S5»*«^t Ufc 

im#£-rs. £©»*. (5) ±icm*m 

5. 

[0020] zcDXiteW&Hmc&oXi). 

Axe-m. (3) i>K ttwuxz^ms. 

-*sts (5) fcaaawky^A^r 

^¥«»K (1 9) £ri«-rs«ltlg* RVZ(D^~ 



(5) t^frS«^i|Ef (1) Srl69«-*3*5» 
(1 9) 4>©*3*&iT£fe£&fe£tt (3) fcft 
(3) W::tt^&ttttffl5c*#*JB (17) 

[0021] is** 1 2 eettifc^flttKoaGft* 
(1) ©aB*»e>. ykmRvmm&ttmitjxz^m&iK 

fe*jMjcXJ:9asH**nflHfi (20) tffl:;© 
(2 0) *lc&gLfc*ig<fc9j&Siaigitffl 
5ntft#;fiJI (2 1) !WBj*3*i3 0 *LT, #9&tX£ 
ISK*J^T» -<-^S« (5) 
(1) Jr^^b^fctt, fiJHlS(cioV>Tf»*a. 
a*»***i5©lcflH\ ^frS4K#*f (l) fc*JVT 

mmmmmTtm^m (21) 6B#-e£cfc»/M«i?&© 

ffi*±#lc±5» 3tt«MUB7C*d«A (2 1) as#£ 
Ufc*Wto*±"f 5. i©*S£> (5) 

jtfca-wi&wH©**** (7) *mmmmi$.T% s 

[00 2 2] £©± VitBfcMfcfciJuf. 10©^* 
Sjfcfi&fcS (2 0) <t, £©*&££$«« (2 0) flZ 

&g.£tnt&mic£?>mmm5tm&i6m (21) 

SMUOHK (20) XtJ««»ffi7c*^e (21) 

sfc<45. £©fc*. ^*^iAIgt?©^/P-7'y h 
^IrJ±-T5 J: 5 left 9 , SftlHUc^rWd-^tt 
A*fT$&*9*fc<fc5fc», »CT*i(t!S« (8) 

[00 2 3] 

[%^©*i6©^ffi] mi(omm<Dmm) hm@ 
2 Kn#3g9!£ s o i g&<om&i>mcmm L±m 1 n 

tfe««ldS*$tiT^t», KTwftfcovvrRfH-S. Si 
ictt, SO Ifitg^|!iiti-5#^©^*Ig>65SS:W/j: 
t»B0lcJ;9*$ti.-CV^. BP*>. Hi (a) (c^-f^ 
l ©-f tviAISftt, ¥)SA y vis l 

5ri:lc<t9. 3f«at*«BIUc*ies->!)=>vSSi© 
5. 

[0024] r©m-&. 7^^-r^-^©K-Xfl:«:, l 
X 1 0 1 "atoms /cm 2 £l± N L < l± 1 X 1 0 1 s 
atoms /cm z tM.\Z.®Lfe-rz>„ -r^VttA^/l' 
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#J2 0 OKe V«r«C0ffiA^^*-^R^*tt-5. 

[0025] ±umi<Dj*>iiiAxmx-tiiKi-rz> 

v\ {tot, Mitftx^yay, avna**:/, T 

m (#3;L<!*5 0-1 OOnmSS) tfcSiSfc* 

[0026] rot, eh (b) lepras 2 o^^a 

AXe-Ctt. VMS' !> >Sfi 1 <0*ffi*>6fWB® 1 
y a vSK 1 0««Sfe«r3l # fi C-f fc»0> 

[0 0 2 7] CCD^§£\ **-f*^OK-Xatt v 5X 
1 0 1 5 atoms /cm 2 ELt, #* L < Ht 1 X 1 0 1 6 at 

to \?-* &mts&&xmm 3 <d&$l<o t -sc-r 
[0028] Si^tyffiAigW7^^ 

-f^-V£7) K— Xft^rl X 1 0 1 5 atoms /cm 2 , ^£M> 
^aA^/^-4:«)2 0 0KeV, »20>f 
t>ttAlS-C^*^ty(7) K-XftSr 1 X l 0 1 6 
atoms /cm 2 , ;t>aA^/^^£#S 5 0 K e 

ft£o 

[0 0 2 9] -t LT, r©±5lr»i4cte««3&l5ai 

fitt. ±m<D£ot£M (y^m^C^>: lX10 15 at 
oras /cm 2 . TK^-T^V : 1 X 1 0 1 6 atoms /cm 2 ) 



£> J; 5 ft*#* ft H<OM^h^(*>fS u < n^>r 

[0030] ±|B|g 2 <7M * VfiEAXS^IHf «^fi, 

hi (c), (d) ^TFi-tev&iy&jLn&mff-rz. 

RBKttSO lSSORtt*ttfc«Cfc«fcRfi**L4. 

[0031] $h\c^ %Lm&*>v nvssiwtva 

SWcftteaSrJfci" 0 **fl&(ctt. Mt«9 0-i 2 0t 

a«ir«asttfc^iii»{^iR*i:©ja^» (h 

2 S04 : H2 02 = 4 : 1) fc J:^ffiMW*ft^ 
¥«Sr> Jitf^— 5 Sr±IEKzMfc:«!Sffi 

[oo32]^ ron^jTMi. mtifc>ya>mvL 
*tmtLxmm-rzmnLb\*xt>&< s tut. z<d±? 

[0 03 3] ±iaftS 9 ^^XSCDH^ «gl 1 

(e) (c^^J^XS^Po r©*j«xs*T?tt, ¥5S 

fei/y ^>mfciRzt^~xmms<D-ftmcttLxm 

f»J^7£^^4^^cf'J^S i b^>-cfe»?, rHfr 

±9, ^-^S*5±K|ftakBt6Sr^UT*«riii/y3 

^^<7> S O I A * tl 5 r ^ ft S 0 

[0034] r^)^^. ^«ctttc«:, *HlH«©J:5ir 

tch<oxhitcm&\az. 5oo-6ootga^ij& 

*Sb^^« 3 ^ ic^a ^ titzmm® ytm^m 4 t^ic 

Sr*ff t Ufc*«t^r 6 r ^ (eft 6 0 
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[oo 3 si ^<Dmmxm<r>mnmat, §i#«^r» 

©HiiisSi9 mm. (10 0 OtELk. #S L< tt 1 
l 5 0t~i 2 0 0-Cgft) ©IMaaSrlt-frtlcJ: 

RitrSI bfc«K«3c*»*Ji 4 &#©*g;fn, 

3 ttftfrra 7 ^©aSSlUg**^© 

[0 0 3 6] £©»£\ ±E©i5**»fii'J»=iV* 

B5&g&ft±£tf£i^5¥Sttajg (01 (f) # 
RD **f?U «-cft**ttfcWIH l (f) 5ft 
S0 1S1S8 tt^W^S^fMHSfcffiS) 

[oo3 7] ^ Mixa«STiMthi^y3>fiK7 

fit $ It A&NftU* 3 f *» €> 7 y * irJKJt * * « «M6 

us. mmmzw-mk-fz t ^ 5 ?s &m©¥*nt:xg 

iSrHfr-rsr tlcioT. i©SO I &K©JSi£©;fc* 
[0 0 3 8] ±SBLfcSO I S«8©Mjg^ftlC<tix 

& < j&S-r 5 r t ^-et SJttSEttlift©*^ v m 1 *^ 

®«3*^Lr^5^t>. *©K~XftSr#<i-5i!> 
^©^WtAXgwflfTKJS: 
CT, ±IE» ( PB>:Pfe««E3>t'lc^l©-Y*vaAXSt 

£gft K-Xft^(iJc«^-T5- t^fti^-CVSo 
[0 0 3 9] Z<Dtztb, %\<D^^^X1M&M%2 
©^v&AXS&?r5fc©Tfc9*#e>, 
AXS"C© K-Xfi£ x l|Hl©^^->aA(i«fc!?*'Jaiffl 

[0040] z<o~t*Mimti:nwzmtfxfom-rz> 
y a ^stsft**^ ^^©^STttAbrsifeffiTcii?^ 

(18 X 1 0 1 6 atoms /cm 2 1§A<D K— XSl^KJEi'S 



-Y*V© K-Xfttt 1 X 1 0 1 5 atoms /cm 2 |i^ ill 

mm%m^m 4 ©/c *©*^-r ;*->-© k— x*« 1 x 
1 0 1 6 atoms /w z m&x'&tsz. t&$m.mcwbfr 

[00 4 1] i©«fc5&3n©-f*>iiAXfg&T/B2 
©^ ^y&AXSSrfi 1 ? i§^©^ ^vaARSP.Jj©-^* 
0. 4 5fSMfia (HKSicn, r©ftfeic«-xSPfl©9)^ 
©fc*(C5~l 0#g*£>B) Tf«tr©fc*]LT, 

©jait^r-(±. *^i-Y*>©ttA^Ftg^3. 2B#r^s 

^l^TJ!^2©'<^-vaAX@-£riiCr©^/V-7'./ h 

TlSSiv:(P)Ji-tst>©-eS)t), so i&«8©ffig|c:B 

[0 0 4 2] *5Hfc«©J:5K, $Sl©-f5f-va 
AISSriTofcfcfcff 2 ©-T;*- v^tAlS^fi 5 i 5 K 

3R4>*S4 ©ai$fi:a©tf bo# («aMStt± 3 o ©«& 

IS) *«»fi^tt«K3*»l*Lftv^»S-KJt'«-Cl/3 

k W *vaA*-C»flBMI»Sr3ia Life £ t \Z J: ■& t> 
©r*fc 9 , y a v»R 7 ©JRSJ&-tt*KJ?>5 

rt*SpriBKJiS. M» ±C« 1 3t*«K*J^-C» IBl 

©-f^^aAxssu=*2©'<^vaAxsia. iens-c 

[0043] ffi2(omm<»im) ®3Axfm4\ctx* 
^pj©»2HJtw^$Hr*5!) N gTFrixfcovvTMr 
fE^lHiS«<!:^/£-5^tcov^r©^W-rs„ r^. 

@ 3 Rxm 4 buieei 1 1 mmz. s o 1 s-fijg-t- 
5 ^©» *xs*«^:ft)*»f ffi HI 1- i 9 * t ©t» 

*>^« BP*,. ^©®2Hffit»JI4, SOIJSSI^ItS^ 
ig (tRJ^HtFETWipne^Wfc^^y^^-h^ 

if) *^1-5^-tcS LfcJUaJMfcfcH* Li 5 t-r 
■5t©-CfoS, 

[0044] 4-f , 03(a) IC^i-^^-yffiig^ 
Ifi-Ctt, KO^ffiffiH^. MHtfcft 

ifKJ:or*»»lcl68W9 (04 (j)#R8) bttZ 
->!) 3>KM9 aSrJgfig-rSo i^V^T, CVDiEfefti* 

[0 0 4 5] ^tr, 0 3 (b) ICSs-fJBlflVftfVftA 
ISfli, *ISfi->y 3>S«ifc»u 0 t f^:83-e* 

■r«t p icjffiii^^-^flBt 1 1 («A>t>«*.tf 7 ymw * 
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is, m^<^-^mmi KotfrnzmmLxfotr^tcvt 

Mb*** r<0i§3\ 7^tyoK-Xiil ix 
1 0 1 4 atoms /cra 2 ^±. #£L<l£l X 1 0 1 5 at 
oms /cm 2 £Jl±^£-f $0 *fc v ^tySAx^/V^ 

[0 0 4 6] C^lCd, @3 (c) . (d) K^-fJ; 

2 *>>f V&AXSS: 2 0l£#l*TlSfrr 

SSI 0«tWLfcWtft*Lftf(||«jE*»* 
g4«rJgfiR1-5fc»fctt, -Y*VftA«*0«|Jg^«ia 
I- J: S-f * v&A&S £#J8 LT-f *^&A^* 

[0 0 4 7] A^ttictt, ^o^^&XxmTIi, 
^f, 03 (c) KSc*\fc5fc, »84i/!)3yS«l 

t^T, S3 (d) fc«-TJ:5fc* ±B^h/«^-y 
1 3*r«JtLfc«fc, »5i/<*-^«J6i llc*5tf&* 

ia5i/^M^-yi4*»*u r<z>tt«-C2 0 
B<^>**^^>ottASr, tO-f^y&Aai^^dp— ft 
10@J;9*£< Lfc^«8TtT5-<ticJ:*)-r^vaA 

X 1 0 1 5 atoms /cm 2 £Lk. SSKfll x 1 0 1 6 
atoms /cii a &±fc»£1-5. £fc, US?* — V 
1 414, >f*>ffiA«ld«fl)BSH5. 
[004 8] 10BXW2iai«)-f*>'ttA 

Oifcffi 1 5pfT LfcttttWWS LfcSW«fl5c*£*JB 4 » 
[0 0 4 9] rcD^lC^oV^. 

-t^ttftjftSl X 1 0 1 9 atoms /cm 3 £l±&fttf/^$£> 

Btt£S/re#3t>0rc*>*), lot, JSiTofcttffi^ 
1 2 s/ya 1 <D$tm t ¥ 

fir Lfc««08W«ffl7c»»*JH 4 LT fc£ ftftSft 



[0 0 5 0] tfHB*l^*^aAXSSr, ±*£L 
fc«fc 5 fcSS 2 w-r d-vaAXSi: J: 9 2 0 

P =" 1 ^«iB £ ¥fr Lfc««-C»* Lfcfgfi** 
•Wt^rSflWtl-SC t *>T# 5o 

[0051] *t % b 3 ( e ) fc*r¥WtJ«tfwxa 

-CIS, fflii^-V«3Sl 1±K, CVD^PVD^ 
■fa. roft, B3 (f) (^flA^^ffi^Ii 

[0052] z ornate m4 (g) , (h) 

9^b*XSSrHfrr5 0 r(Dl49^fc*xg-e«u * 

1\ *«sss/y 3VJWiic«ttfi¥flft«aKi 50 

[005 3] ±BK 9 ^to*XS03ffr«fcttB 4 

(i) i^i-id«xs«:ff5- ^toffjBtxm-ef*, 
mimmmkmm<D®mm*mtzt\zi:<>x, 

[0054] c(DmmT.n<Dmnmai, mm^xm 

3S*^6<OJ8W*iKt-fS. J:fBftJ8i®iC#L 
^*»«*W*«:Hrt-fcv^5TOftXSI (B4 (j) * 
ffi) ^UtTL. «T*»ttfcRIB4 (j) l^"TJ:54 
I^-yffl®llMifcSOIlffil6 (**^ 

5 Q ±lB¥afbxel«®lcj^;LT^Tx.^^sv^^>co 

Tfe£ 0 

[0 0 5 5] r <7> J: 5 L fc*g|JS0|j liiott), 
^>!)^ 7 4 WZ^c^ - vfiiit 1 1 t (om<o8&m 



-8- 



So 

[0 0 5 6] ft, ±W.m2MMW-?ti, '<t>—>mym 
T> ^-*S«5©£Sffli|K;taI&S!Srfj 5- tic J: 9 

J: 9 , -<-*3£*g 5 KtfWttA*' U =» vSlg 7 RbM 

[0057] (13 ©|S16©Jgffi) 0 5 lcti#3g?H©jg 

sataia 1 t^ttsieso i £KSrssiti--5.^<os*is 

[0 0 5 8] BP*>, 115 (a) K^-f'-f^SEAIg-e 
It, *H6afi«k:a8«tSSSlo^*>aEAlSi:KI« 
=»vaaEiJbfc. JMMtftifKioT^ 

ffMM2»eiMitf7 ^-^SrttA-f 5 £ t 
lei 9, gff^ai$SSfflt¥iBS'>y 3Viffil®«Ei: 

[0 0 5 9] 05 (b) 

&g (sootgggui) ©TPfifflti«7{S^jaso?swia 
[0060] r©t sftsSR&si-jsc-c, *m#x%w 

5 left 9, mic J: 038GttAAtt«« 3 

99«ffl7c3S4>*S l 7 ©zMf«£li, 1 x l 0 2 °atom 
s/cm 3 £l±«ei9:£-r5 r t tfSSt U\ 
[006 1] ffl. ±ta©«t 5 &Mllffl7C*£*JI 1 7 * 

It. «T©K«a:*»e>*#Hi-fri:*-C#6. BP*>, fl 
X_ltS. J. Pearton , J.W.Corbett % M.Stavola ^© "Hy 
drogen in Crystalline Semiconductors" , Springer-Ve 
rlag&fgfij (1991$10fl) ftT^S £ 5 

le. ->y =>'li»LfRlffl!aiC«t*)Ttt'K)*t»[-f 5i:t© 
feMX (cm) ©¥*5ttli. 
X= (D • t) 1/2 



titS. fiU Dlt&gtfSS (c m 2 /sec ) x t 

im&mm& <sec)-c*>5. *fc> tt»«»Dtt, rsc 

[0062] D = D0 -exp(-Ea/kT) 
{&U DO t±ta$[&MfB±<Db%<OD<Dtite> DO = 
4. 2X1 0 _ 5 (cm 2 /sec ) . Ea ttffittffcxjM' 
(=0. 5 6 (eV) ) . ka^y-WflHR (= 
8. 66 7 X 1 0~ 5 (eV/K) ) , Tli^ft (K) 

[0063] , mmm&# 2 0 ot x 

m2 9>t»» 1 0 0 n m©#f£-C, 4MtA^ V = ^St£ 
1 >flC4 0 0 nm©&£*^*^£&tfc£st5gg©f?ft& 

1-5 aVtftlW 0ttJNMfct>ISl£N«& 
ld:Jit& *s*3J:*i. 5^rfl^g©^ffi^Jfi-ii:»Ja 

[0064] ±1S©± 5 ft*S*lS©JI?Tf*fc 

It, 15 (c) , (d) K*-f«9^fc*lS**lll 

£4S 5 ft-flfi 9 0 5 (e) le^-ffHIStl 

1 Srf J(Kffi5c^^S 1 7 2B#T-if|fSt U SOI 

«Mfc-rs. £e>ie, fij(nxs©iiifmic«a©^toai 

S^BlUft^tfsI^lcllSLT. ^SffilSt/S©!* 
9 ^•t*B©ft#SMC©SWK J ^ft^»fWt 3 &«Wtt- 
5 7 y ig©*£ B B B fl|j£ * *> b ©KJi©ffiit ft if Sr lo 

ir, 05 (f) KjF-t¥mtTm%%inMwtm®ic 

[0 0 6 5] £<o»3 5»«K:j:*«3to^iJ:£o-c 

i9. «ea^RB««3SrJg^LTV^S*»e>, *©K-X 
4Sr#<i-5*»*4<ft»), Stt-rd->ttAia©Bf 
S^W^M<ft*. i©m«cfrt3ii,5J£»XS© 
BfH^Pflt>v BiJ^UfcJ;5ft*Wc:j;^tf 1 . si^RS 

5ttSE«)|!Jg*Jfeli:H:'<-ciRi±-f5't>©-c*>«J. SOI 

8 ©§a^Si-S^raiSr®ffir# 5 i. 0 left 5. 
[0066] ft, r©»3jiit«K*j^T. ttsig-e 

•f, ^y^Aft^f©*^^ NH4 , CH4 , H2 O 

[006 7] (ff 4 ©HJfi©^ffi) 0 6 Kit, 3 
HlfiWt »SlSR«©a*SrHi-5*l8M©»4 5616W 

3^J£«s)t^4SS8^leo^r©^BJ-rS„ 0 6 
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nates i tmm^so i g;fozMm-rz>m&<om* 

[00 6 8J BP*>. 06 (a) iCTF-TJ *Zs&JKTM-e 

fc, minify =>vs«i±i^ HMWfc«iffcj:o-c^ 

[0 0 6 9] ftfc, EI 6 (b) K*i-fifc*II8-Ctt v i§ 
!feflWR2Sraufc«««U<tt(!s*Lfctt« (El 6 
(b) Ufc*t«fc*f) KfcVMT, 

^sfi i ±n, *3Rftr*/»'7 r * -> y => >m i 
3Vli8tt> ->!)3y^7y-^ (^ix.«siH 

4 WAr4fcl*H2 ifflVfciSIBjfiT'yXN' 
CVD^felc:«toT0!l^li3 5 0t, 0. 5torr©&#T 
-C*ISS$;ft3 , b©-e > %<D*miStmi. t«lx«5X10 
2 1 atoms /cm 3 Sat$^L5. *^{tT*^7 

ot£W&vh-otLiM?\z. l o n mSS£A±l-i9:S-t-ixtf 
[0070] ^<d^ me (c) ic^i-imxse-en, 

(5 0 0tg££JLh) OTBHiJ:0fit^iaft«>JR»aSr 
««3*fc©yi&**t5 < fc5lc:&>K rtt{rj:»>SSGB 

tf^fi££;ft,5. r©«3\ flJBtffl7Clg^P 1 7©** 
1 X 1 0 2 ° atoms/cm 3 filifcfS^-*- 5 r t # 

[007 1] ±fe© «fc 5 *lt«XS«>«T«»!:tt» tt*. 
tfTMAHsEv^li7 s'ffigfe^©^ s'^v^fflrSrftffl LT 
*ift7^7r^i'!)3yKi 8&&y|&<&fe*x:g 
fctrofc&lc, 06 (c) > (d) l^i-SAO-g-to-Brl 
a«r»lE«l**«tRI*K3MM-i. £ OB 0 

-*g«5 tfc&Sy-g-fe-frS. roftfc. 06 <e) Jc 

y vStR l SrSjfl.fli5t3g5M&Jl l 7gB#-Cf«8fU S 
OIt»igSr«fiEi-5 0 $t>fc. S»|grxa©ll*T&tc:il5S 



3 zmm-t z>7? m<o%£&mm*t>><b ©jK.n©teii ft t* 
zm^tzmc. 06 (f) {^-rvsjcxm^isufe 

ftZ. 

[00 7 2] W, £©*4*tfc«fc*5l,vt. ?5^«MJK 

r^>D ^ygi 8&m9l&<fc*cD|&*x§ra\ &g 
[0073] (05 ©|U£©^ffi) 0 7 ±|E® 4 

&ft%u$KL^xo>ymm-tz>c ^ H7i4. isies 
(fyttmmmzi.viFLitbtoX'hi. 

[0 0 7 4] fip*>, 1217 (a) {Z.TF-f^-t^XrMX- 

^SSrfT?. ftic, 17 (b) d^-fjSKlg-m, ^ 
-*a#5_htc, Tk^T^e/v^r^^y =>>-Kl 9 

»4lHfc«i:R«fcJKrili-5. 
[0 0 7 5] 07 (c) fcSW-«0-&;bttl8 

SrHfrf*. ^©SAy^fc-tirim-eii, *-f, *as>> 
y=vS«l±OflSSftHli!2 (iHtti^tSOl 

ffiij©^S(c > ^lHjgwc^ftsBAy-g-to-a-xmo^ 
illl«©«*{k;*aaSrli-r. r©@Hc s *»*->y=i^ 
i ^o«-<-^s^ 5 z±mmMmmmx%m ^-bttia 

[0 0 7 6] fc^t?, 07 (d) fc*i-|t»IiBT»Ht, 
y =» >£g 1 S^-^.5S 5 O-ftmcM L 

*<omim&&£.iz>mg. (5 o ox,m&ik±.) oris 

CT, Tk^br^/^r^v-y 9 ^Tb^^Sffififc 

BlfflTC^^g 1 7<D*^Sgli, 1 X 1 0 2 0 atoms/ 

fiistffl7t;5i^*ji 1 7 ^^.-r^nvi^mftmsMnm 
(mkxu<offiwi$m «HE03iisi^jc*5it5td: 

[0077] ±i2© j; ? fmwcxm<onnmat. 07 
< e ) icTH-rmmxm&m 1 mmmt mmcmrvx. 
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v => 1 ^mmmjtm^m 1 7 &#xm 
mu s o 1 #3ss*j*f5. £*>fc* »*ie«>£iT 

fftfc ASOfU&axg&JB 1 SUfeM i BfltfcUff LT> 
ffiSffi 1 SO 5 5 ©fl£ 0 £;btf iE©^SM©SMfc*«* 

ffiii*^*0ofc«fc % HI 7 (f) fc;^¥S4"fcI»«r 
SfiH3fi«tl^«lc:||fTL-C, soiI«8' 

[0 0 7 8J r©S&53£&£t»J-C!i. ¥fe!r>y^> 

i w©^&«gsBi 2 s o i mmzrnm 

±fB?5$fcRg|l&2 £&*-t£> r 1 1> pTfglc^S. 

ioo79] ($6 (omMnrnm m s izti*&w<r>m 
emmm^ztixts*). mTzMz-o^xmrnmim 

Atresia i iR^icso i ssftssf^-f sm-&ws*xg 

[0 0 8 0] BP*), il8 (a) fc*rt-f ^V^AIST 
y => ^KfbRi 9 &S?5%«SK2 SrfigJS Lfc±T\ * 

ejwwhi 2 **ta*«sjt*tt*#v^ttfi* 

ffrg^ (CH4 „ S i H4 , S i2 H3 % H2 Ofti?) 
[00 8 1] CWi:5**^flifeSr'<^->'aEAi- •5±-e 

v^r««B*>©a«*»riiBt?*>5. ch4 

RUC, CH4 "^fife^ CH3 -\ CH2 -*\ CH + ft 

^^xm%^&&kmm2 o^^ 

U <C*3A»o. ^T--f^-^aEA©7KSd5- ; &©^R6^2 
0^(riefi$H5rtiiJ:<?fHJ«tffl7C^^2 1^ 

[0 0 8 2] r©4§-g\ -f^VSA^A'*-^ Mil 

tt. *Ml : -|:ftSLfcti-C5X 1 0 1 5 atoms /cm 
2 £Uu Af*L<l*l X 1 0 1 6 atoms /cm 2 fiLL 1 4 

[0 0 8 3] rrogHnfi, 138 (b) . (c) Jr^-TBfi 

8 (d) i^rsiiitie&m lmmmt ®mzmn l 
t\ ¥*£,f B -> y => >i« i ftfiJStfflTcm^® 2 i 



3Sfr*fcllSfl«>JIM!Hiig«6 l liK^J <t H#i::2lfT 1 
T. P^gm&tf5©l£9^:btfS<o^&£<o&^ 

*Si§.a&&^« 2 o ftnufc-f s 7 y m<D&&mm t> a> e> © 
Tm&mi$mmtmmc%nLx. soisss^ 

[0 0 8 4] ^©ip/iSOiSKsoSSit^ffitciix 
(i. ll»l©-i'*>iiAlSiaoT > S*:8*Jtt8tfWtt 

«pli^StlSr.tlC4oT» ^©^xf-VitAXg-C© 

^ttT^^-yaASr?T5£^4<*5t)©-Cfct), tfc 
CTSOIM8 ©SBgfcKI-a 

[0085] (ZOMomM<0MM) #389itt±ie tfc 

- v«3s©»!it#&ftM 3 *v ^ 6 ozmmm 

t Ltz^mftXhiXtf. m*.\f. G e, SiC, S i G 

f&Litm&zm^zzkbxzz,, %4RV%s-£mw 

x-fi. *mtT*/vy 7 *¥m#®k LT. *^br* 

^7 r ^ -> y => >k i 8R.xf i 9 &*ti?ti%zifrrzm 

[0 0 8 6] *<-xm&5<Dtt&k LT(4, *igS^y 
[®E©f»^4lfenj] 

[Hi] *»W<D» 1 iat«K«t 5«3lE*«fe«r*-t«a: 

[SI2] SiSa+OSIII-co^MSA^y =>vS«t©7 

[13] #»«©*2|tElt«lJ:J:5i«Jft*«fe«r*r«=a: 

[04] H*2 3H6«fcJ:5«it*ffiS:*-t«SCttK:* 
•t®rffiSl*<D2 

IDS] *36W»^3HJ£«aUJ:j;5JKji^ife^-t-««: 
[H6] *38W<oJB4SUt«l!:j:5«e*ffiSr^r«^: 
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[HI] 



(¥3fWl) , 8, 8' USOIIS (¥3*«:»tE) s 

9 tinmm. iott#^s->y=>K, iiiiffl&'<* 
1 2rittA*»«t& 1 5 tt3pa^k«Mi» 

1 6I1SO , 1 7(i«|»ffl3E*» 

^S, 18.1 9 i±kmtT*Ji<y 7**/*) =>yfg (7k 
*fc7*^7r^f«««) » 2 0OISAAIfet»IU 2 
1 ttMHUBjaK^frSfcia*-*-. 
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